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Introduction
Concurrent with the increasing use of information technology and electronic learning (elearning) approaches, flipped classrooms (FCs) are growing in popularity in higher education worldwide. Previous scoping reviews, which summarized the relevant research regarding the emergence of the FC approach, showed that much convincing evidence of improved course grades and learning satisfaction with the active learning or FC approach was emerging [1] [2] [3] [4] [5] [6] [7] [8] . However, most of the studies included in the reviews were conducted in Western countries such as the United States and Australia. Only a few studies in East Asian countries have evaluated the impacts of the FC model on student satisfaction [1] [2] [3] [4] [5] [6] [7] [8] . To date, studies that focused on FC teaching methods primarily came from Western contexts. The enormous cultural differences between Western and Asian populations could give rise to potential cultural conflicts and exert negative effects on the FC teaching model. It is necessary to expand the understanding of how the FC teaching model works in other cultural contexts, especially in China, the largest developing country worldwide.
According to statistics from China's Department of Education, approximately 40% of Chinese pharmacy undergraduates have a willingness to engage in pharmaceutical marketing and management, becoming, for example, sales and marketing managers, medical representatives or medical product managers [9] . In China, pharmaceutical marketing is listed as one of the compulsory courses in the curriculum of pharmacy education [10] . The specialized pharmaceutical marketing course focuses exclusively on the pharmaceutical industry or health-related field, and it not only offers the same analytical and financial skills as a general marketing course but also emphasizes the knowledge and skills needed to understand the economic, financial and organizational structure unique to the pharmaceutical industry [11] .
Specifically, the aims of this course are to teach pharmacy students to master the principles of marketing, economics, management theory and evaluation of marketing cases in the pharmaceutical industry. At the end of the curriculum, pharmacy students can understand and have mastery of the knowledge and skills associated with pharmaceutical marketing planning, implementation and surveying.
Traditionally, the lecture-based learning (LBL) method has been widely used to teach the undergraduate pharmacy curriculum in Chinese university classrooms. However, in classic LBL sessions, the teacher is regarded as the highly knowledgeable leader who can control the process of teaching in the classroom, while students are usually viewed as passive learners who only receive knowledge from the teacher [12, 13] . As LBL is used as the only teaching method, students in lecture courses are passive recipients. This passivity leads to negative effects in which students usually perceive a lack of opportunity to take more initiative in analyzing problems and developing problem-solving skills [14, 15] . Furthermore, it almost always takes the teacher a great deal of time and effort to communicate theoretical knowledge and basic contents to the students in the classroom. On the one hand, teachers cannot satisfy the personal needs of each learner. On the other hand, students do not have enough time to receive oneon-one guidance or to obtain problem-based learning experience [16, 17] . In particular, under the LBL model, teachers usually pay little to no attention to which practical abilities students can improve. Furthermore, this passive learning process inevitably leads to student boredom and prevents students from acquiring the necessary application and communication skills [18] [19] .
Therefore, to transform students into "active self-explorers of knowledge" and to promote their active participation in the learning process, it is very important to develop or seek new teaching models that have the ability to improve the teaching effect during a limited period of time [4, 13, 18, 19] .
The FC is a new pedagogical method that complements traditional teaching models; it employs asynchronous video lectures and practice problems as homework and active, groupbased problem-solving activities in the classroom [20, 21] . In an FC, the teacher is no longer the "speaker" on the podium; instead, the teacher becomes a coordinator for the students. Some scholars have described the nature of the flipped teaching mode as follows: By blending the strengths of internet-driven instruction outside the classroom (e.g., digital videos, self-regulated learning, online discussions) and face-to-face inside the classroom (e.g., collaborative study, applied problem-solving, instructor and peer engagement), the FC model can effectively increase student engagement, improve student performance and strengthen the development of creative thinking [22] [23] [24] [25] . For instance, as early as 1996, an education study conducted in the United States that changed the before, during and after class traditional teaching order demonstrated that the "inverted classroom" was able to effectively engage students in the learning process [20] . In the FC context, students can not only selectively watch online videos based on their knowledge levels but also freely replay core and difficult content. In the classroom, teachers and students have sufficient time to conduct face-to-face discussions. Meanwhile, to enhance knowledge integration and application, students are asked to use in-class time for group discussion. These discussions, especially those involving controversial topics, can play an important role in improving students' understanding of the key points of the course. [26] . Under the flipped pedagogy model, students can benefit from the freedom to choose the most appropriate method to learn knowledge before class. Most importantly, this model integrates the process of knowledge internalization into class time to enhance the extensive learning cooperation between students and to increase teacher-student interaction. The "negative recipients" in traditional classroom learning can be transformed into "positive explorers" under flipped teaching through a recognition of the individual characteristics of cognitive learning [26] .
Research on the use of FCs in the field of pharmacy education has grown over the past few years. [27] [28] [29] [30] [31] . McLaughlin et al. found that the flipped pharmacy classroom enhanced the quality of students' experiences in a basic pharmaceutics course through a thoughtful course design, enriched dialogue, and the promotion of learner autonomy [27] . They also demonstrated that engagement with a highly interactive online preparatory tool was positively related to student learning in neurologic pharmacotherapy [28] . Pierce and Fox also revealed that the positive outcomes of an FC model for teaching a renal pharmacotherapy module resulted in improved student performance and favorable student perceptions of the instructional approach [30] . However, a study by Bossaer et al. involving a pharmacotherapy oncology module found that examination scores were poorer in the FC cohort than in the traditional LBL cohort [31] .
Recently, teachers have been encouraged to initiate teaching innovation programs using FCs in Chinese higher educational contexts [32] . For instance, Zeng et al. implemented a randomized controlled study on undergraduate electrocardiogram learning. Compared with those learning in the LBL classroom, the medical students learning through the FC model reported greater self-learning abilities, increased interest and decreased boredom [33] . However, few studies have highlighted the effect of the FC model on interdisciplinary curricula, such as pharmaceutical marketing.
In this study, we define the FC as an educational technique that consists of two parts: direct web-based individual self-learning outside the classroom and interactive group learning activities inside the classroom. Specifically, the primary objective of the current study is to use mixed methods to examine the impact of FC teaching on the engagement, performance, and perceptions of junior-year pharmacy students and on teacher-student interaction with a flipped pharmaceutical marketing course. The secondary objectives include serving as a pilot for pedagogy researchers to implement and develop the FC methodology for pharmaceutical marketing and providing a theoretical foundation that will inform future innovative course design and a broader range of FC applications in the pharmacy curriculum.
Methods

Study design and participants
We conducted a clustered randomized controlled study on student performance, student satisfaction and teacher-student interaction, with the class as the unit of analysis. This study was undertaken at Nanjing Medical University (NMU) in China between September and December 2017.
The participants were recruited from the School of Pharmacy at NMU in August 2017. The inclusion criteria were (1) majoring in pharmacy, (2) being aged �18 years, and (3) being willing to sign a consent form to participate in the study. Students were excluded if they had transferred from other specialties or schools, were transferring to other specialties or schools for further study, or had already taken the pharmaceutical marketing course prior to this study. During the introductory session, the researcher assistant (RA), who was not involved in student outcomes or examinations, followed a standardized script to give the full details of the study to the students and asked for informed consent. The RA emphasized that participation was completely voluntary and would be independent of the students' course grades. After distributing the informed consent forms to the students, the RA asked them to read the form and organized a discussion session regarding the study. After the introductory session, the students had at least 24 hours to decide whether to participate in the study. Moreover, they themselves submitted the informed consent form in a sealed file packet to the RA at the end of the recruitment period.
This study determined the sample size according to the rule of statistical power [34, 35, 18, 19] . The sample size was determined using G � Power 3.1 for Windows. For the purposes of this study, the significance level was set at 0.05 (two-sided) with 80% statistical power and the effect size at 0.5 for analysis. Considering a 10% dropout rate, a minimum number of 53 pairs (106 participants) would be sufficient to evaluate the outcome. In this study, randomization was performed at the class level. Specifically, this study was further undertaken in five independent teaching classes, which were randomized into the control and the FC group.
Randomization at the student level and blinding were not possible due to the nature of the teaching model. Three classes were randomly allocated to the FC group, while the other two were assigned to the LBL group. A total of 137 junior-year pharmacy students with five independent teaching classes were enrolled in this study. Eighty-one students participated in the FC group, while fifty-six students participated in the LBL group. This sample size fulfilled the requirement.
Teaching contents and methods
All participants in the two groups had the same teacher, the same teaching syllabus, and the same textbook. The teacher also set up the same teaching goals, the same teaching schedule and the same test model. This course curriculum covered ten teaching chapters belonging to the pharmaceutical marketing knowledge domain. These chapters addressed the following contents: the definition of pharmaceutical marketing; the concept of marketing; the pharmaceutical marketing mix (the 4Ps); the market environment; consumer behavior; market segmentation, targeting and positioning (STP strategy); communications (personal sales, sales promotion, public relations, publicity, advertising); planning; the product life cycle; and customer focus. In the chapter named "market segmentation, targeting and positioning (STP strategy)", each group was taught using FC teaching or LBL. Over four consecutive weeks, the classes that were held for the chapter included four teaching units. The details of the teaching methods are as follows:
FC teaching method
The whole process of FC teaching can be divided into three phases: the knowledge delivery, knowledge internalization and knowledge consolidation phases [35] [36] [37] . The process consists of the following (Fig 1): 1. The knowledge delivery phase (out-of-class activities). In this phase, to successfully carry out knowledge delivery before class, some out-of-class activities should be performed by the teacher and students, including preparation by the teacher and students. Three months prior to the course, the teacher received training for microlecture sessions. Based on the teaching goals and contents, the teacher decomposed his or her knowledge, compiled the PowerPoint courseware, designed and produced the microvideos, and uploaded the videos to the elearning platform. Each video was accompanied by quizzes and exercises to help students learn by themselves and to test the effect of self-learning.
Three weeks before the classroom was flipped, the teacher introduced the aims of the teaching and the details of curriculum to the students and announced the requirements and procedures of FC learning. To facilitate group discussions, the students were divided into 8 groups. Each group was required to nominate a chair, who was the main point of contact and had overall responsibility for assembling the group, leading discussion within the group, and ensuring the timely completion of work.The chair also coordinated microlesson learning activities and communications to address problems among group members. The students were required to watch narrated microvideos. At the same time, each group was required to prepare a presentation before class time, namely, a talk in which a piece of group work was shown and explained to the teacher and students in the FC. Two weeks prior to each teaching unit, the teacher listed 5-6 presentation topics on the e-learning platform. Each group could select any one of the listed topics. In the FC, each group presented its learning results to the entire class. The students' presentation grades accounted for 30% of their entire final course grade. Moreover, the teacher uploaded supplementary reading materials, including PowerPoint courseware, textbook sections, self-learning materials and exercise information, and sent the links via the e-learning platform and discussion forums.
The reading materials included a variety of classic marketing books, papers, journals and slides. The topics of the reading materials consisted of broad marketing research, market targeting and market segmentation, the determination of distribution, pricing and promotion strategies, the development of a communications strategy, budgeting, and how to envision long-term market development goals. For instance, the book "Marketing 4.0: Moving from Traditional to Digital", published by Wiley, was recommended to the students [38] . During the knowledge delivery phase, group members could freely discuss the content of a small private online course (SPOC) and communicate with the members of their own groups anonymously on the website discussion boards. On the day prior to the class for each teaching unit, the chair of each group uploaded group members' assignments and exercises to the e-learning platform, and subsequently, the teacher could evaluate the effectiveness of self-learning.
The knowledge internalization phase (in-class activities).
The in-class activities consisted of three stages. In the first stage, the teacher gave a concise lecture that highlighted the key points of the teaching unit based on the assignments and student feedback. The aim of this stage was to resolve the major problems and confusion shown during students' self-learning [36] . The first stage lasted approximately 10 minutes. The effects of flipped classrooms on undergraduate pharmaceutical marketing learning
In the second stage, the role of the teacher was switched from that of a leader to that of a coordinator, and in-class learning started with the student-initiated interactive learning model between the teacher and students [39, 40, 7, 4] . The in-class activities could be carried out with different learning strategies, such as student presentations, group discussions and collaborations, and problem-solving [2, 7] .
First, each group made a presentation on the topic that the members had chosen. During the presentation process, the students in the other groups were encouraged by the teacher to interrupt the speaker or presenting group and to ask questions. Accordingly, the speaker or the presenting group members gave a preliminary answer to the other groups [41] [42] 19] . All students could also propose new issues for further discussion between groups. Each group took 8 minutes to complete this task. Second, the teacher offered a teacher-student interaction session in which the students freely raised any concerns regarding the presentations and the teacher briefly asked each group questions on key points. This session also provided an indepth discussion about the questions that were raised by other groups during the previous presentations. Student concerns could be addressed either by students from other groups or by the teacher. After the group-based discussion, each group chose a representative to answer the questions raised, and the other group members could provide new thoughts about the answers, ask further questions, or discuss between groups [43, 7, 35] . This session lasted approximately 3-4 minutes for each group. In the second stage, the eight groups took a total of approximately 90 minutes to present ideas and discuss issues.
Finally, in the third stage, the teacher provided simple reviews and summaries; then, the teacher provided some exercises to all the students. Each group solved the problems through discussion within the group [44] . After the teacher presented the key analysis, the representative of each group contributed to the interpretation and supplementary conclusions. The third stage lasted approximately 20 minutes.
3. The knowledge consolidation phase. After the classroom was flipped, the students were able to use the e-learning platform to replay the microvideo lectures. According to their individual level of knowledge of the content, they could also review the key points and marketing cases through online group discussions. Additionally, during online discussions, students could discuss difficult points with the teacher through the e-learning platform.
Lecture-based learning method
In the control group, traditional classes, known as the LBL method, were used as follows. Two weeks prior to class, the teacher distributed supplementary learning materials, including pharmaceutical marketing teaching materials, classic cases, quizzes and exercises. In the LBL class, the teacher gave a lecture lasting approximately 110 minutes, followed by 10 minutes of communications between the teacher and students. After class, the teacher uploaded the PowerPoint slides used for the lecture to the e-learning platform. Outside of class, the students were free to self-study based on the corresponding textbook chapters.
Course evaluation methods
Seven days after the teaching unit was conducted using the different teaching methods in the two groups, the students were synchronously given a test; this test aimed to assess their knowledge and level of understanding regarding the topic. In the test, the students in the two groups received the same questions but in a different order. The primary aim of the test was to assess the ability of the students to analyze typical questions on pharmaceutical marketing concerning the core knowledge that was prepared in advance by the teacher. The students' knowledge and ability were measured by 5 short open-ended questions, 10 multiple-choice questions and 2 essay questions. The essay questions consisted of a short pharmaceutical marketing case. The students had to conduct a comprehensive analysis on this case. The short open-ended questions included the following: (1) What is the role of pharmaceutical representatives in pharmaceutical marketing activities? (2) How can a medical product be positioned in the minds of consumers, and what attributes can differentiate it from competitor products? (3) What are the two main purposes of market segmentation? (4) How are the commonly used criteria for market segmentation selected? (5) How are key opinion leaders identified through direct inquiry of physicians?
The total time for the test was fifty-five minutes. Students took three minutes and fifteen minutes to answer each multiple-choice question and essay question, respectively. Previously, we invited two educational experts to assess the two tests to ensure the integrity of the content and consistency in difficulty levels. The test scores were statistically analyzed to compare the differences between the two groups in knowledge and ability.
Primary outcomes
The outcomes of teacher-student interaction. To evaluate the impact of the FC on the interactive activities between the teacher and students inside the classroom, we adopted Flanders' interaction analysis system (FIAS), which was developed by Flanders (1962) to analyze teacherstudent verbal behaviors in the context of classroom communication. The FIAS is a standardized observation method of interaction analysis that describes teacher-student interaction through predefined activity categories. In the FIAS system, ten categories of verbal statements were defined, with 7 categories for teacher talk, 2 categories for student talk and 1 category for silence or chaos in the FC and LBL classroom [45] . The FIAS has been employed by education researchers worldwide as an effective measuring tool for analyzing teacher-student [15, [45] [46] [47] [48] .
As shown in Table 1 , we made a minor modification to the FIAS by adding "answering students' questions" as a teacher talk category. Traditionally, Chinese college students have been regarded as passive learners, and they rarely ask questions in class [12] . To discover the impact of the FC on students' in-class activities, we added some categories to analyze the percentage of student-initiated talk in class. Thus, "student-initiated talk: initiating a conversation between groups" (9b), "student-initiated talk: answering other group members' questions" (9c) and "student-initiated talk: discussing problems within groups" (9d) were added as student talk categories. According to the following scheme, two trained RAs recorded the frequency of each category code of verbal behaviors in the class every 3 seconds. Further data were processed into so-called activity indices, which express teacher-student interaction as follows:
1. The percentage of teacher talk: This activity index was calculated by the ratio of the frequencies of the teacher's verbal behaviors (category codes 1-7) to the frequencies of the total verbal behaviors (category codes 1-10) inside the classroom.
2. The percentage of student talk: This activity index was calculated by the ratio of the frequencies of the students' verbal behaviors (category codes 8-9) to the frequencies of the total verbal behaviors (category codes 1-10) inside the classroom.
3. The percentage of silence or chaos: This activity index was calculated by the ratio of the frequencies of silence or chaos (category code 10) to the frequencies of the total verbal behaviors (category codes 1-10) inside the classroom.
4. The ratio of the teacher's indirect influence to the teacher's direct influence (I/D ratio): This activity index was calculated by the ratio of the frequencies of the teacher's indirect influence (category codes 1-4) to the frequencies of the teacher's direct influence (category codes 5-7) inside the classroom.
5. The ratio of the teacher's positive influence to the teacher's negative influence (P/N ratio): This activity index was calculated by the ratio of the frequencies of the teacher's positive influence (category codes 1-3) to the frequencies of the teacher's negative influence (category codes 6-7) inside the classroom.
6. The ratio of the students' positive responses to the students' passive responses: This activity index was calculated by the ratio of the frequencies of students' positive responses (category codes 9a-9d) to the frequencies of students' negative responses (category code 8) inside the classroom.
We analyzed a total of 240 teaching minutes (120 minutes in the FC group and 120 minutes in the LBL group) using the modified method FIAS, and the results were graphically and statistically processed.
Secondary outcomes
Regarding their attitudes, learning experiences and satisfaction under each teaching method, the students in both the FC and LBL groups were measured with the same self-administered questionnaire, which used a 5-point Likert scale.
A focus group interview that included teachers, students, teaching administrators and education scholars was conducted to collect the student attitude, learning experience and satisfaction attributes. In addition, some questions were adopted from previously published studies, such as those by Zeng et al. [33] , Meng et al. [18] and Lin et al. [19] . The questionnaire contained 20 items and used a 5-point Likert scale, and the levels of agreement or satisfaction ranged from "strongly disagree" and "very dissatisfied" ("1") to "strongly agree" and "very satisfied" ("5"). To collect the students' total learning time investment outside of class, we designed a fill-in-the-blank questionnaire.
To evaluate the impact of the FC model on student learning gains in a more robust manner, we employed a linear regression model and controlled for student demographic variables, especially GPA [49] . The model for the regression is as follows:
We define the following variables for each student: Y final is the student's score on the test; Y PA is the student's score on the prior pharmacy management course, which is the proxy for the pretest on pharmaceutical marketing; GPA is the student's GPA; Performance is the student's grade in the prior introductory course in pharmacy; and Intervention is a variable for whether the student was in the FC group (Intervention = 1 if the student was in the FC group; otherwise, Intervention = 0). In this study, each control variable (PA, GPA and Performance) was mean-centered by subtracting the mean of each variable from each student's value [49] .
Statistical analysis
All statistical analyses were performed using the SPSS 17.0 statistical software package (SPSS, Inc., Chicago, IL, USA). Continuous variables were reported in terms of their mean and corresponding standard deviation (SD) or standard error (SE), while categorical data were presented as percentages.
The scores of the test results and the learning time outside of class invested by the students were used for an independent-samples t-test to analyze between-group differences. Due to their distribution characteristics, the differences between the two groups were compared through appropriate nonparametric tests. When appropriate, Mann-Whitney U tests were used to compare questionnaire values between the FC and LBL groups. The relationships between variables were examined using linear regression analysis. Multiple linear regression analysis was used to test the proposed model. The independent variables were the influences on final scores in the proposed model, and they were entered simultaneously. A t-test of the beta coefficient was used to test each hypothesis. All tests were two-tailed and were assessed at the 5% level of significance.
Ethical considerations
This study was approved by the Nanjing Medical University Institutional Review Board (NJMUIRB (2018) 008). Written informed consent was obtained from all students.
Patient and public involvement
No patients were involved in this study. The study participants were offered feedback on the study results and will be informed of this publication.
Results
Baseline student characteristics
The demographic distribution of the participants is presented in Table 2 . The baseline variable data for the FC and LBL groups were examined via chi-square and two-tailed t-tests. The results showed that there were no significant differences by gender (χ 2 = 0.440, p = 0.507), age (t = -0.298, p = 0.766), and GPA (t = -1.447, p = 0.09).
In addition, there were 517 pharmacy students in the School of Pharmacy at NMU; the proportion of enrolled students accounted for 26.5% of the total number of pharmacy students at NMU. There were no significant differences between the sample and the total population in any of the variables (p>0.05). Thus, the sample could be considered representative of the population in this study.
The test scores between the two groups
As shown in Table 3 , the total test scores of the students in the FC group were 88.21±5.95, which were significantly higher than those of the students in the LBL group (80.05±5.59). The differences in the scores of the short-answer questions and essay questions were also significant (p = 0.000). However, there was no significant difference between the two groups in the scores of the multiple-choice questions (p = 0.502).
As presented in Table 4 , the multiple linear regression model showed an R 2 value of 0.838, p<0.001. The students' score on pharmacy management (Y PA ), their score in the prior introductory course in pharmacy (Performance) and whether they were in the FC group (Intervention) all had a significant influence on the students' total final scores. Put differently, the "intervention" is significantly correlated with student performance, controlling for the influence of student demographic variables. The estimated intercept (β 0 = 80.05) means that the expected score on the final test for a student with an average Y PA , average GPA, and average Performance and who did not receive the intervention is 80.05.
The coefficient on Y PA (β 1 = 0.64) means that, holding all other variables constant, a student's score on the final test is expected to increase by 0.64 points for each additional point the student scored on the prior pharmacy administration course.
The coefficient on Performance (β 3 = 0.29) means that, holding all other variables constant, a student's score on the final test is expected to increase by 0.29 points for each additional point in the student's grade on the prior introductory course in pharmacy.
The coefficient on Intervention (β 4 = 8.16) means that, holding all other variables constant, the score on the final test of a student who was taught via the FC teaching method is expected to increase 8.16 points compared to a student who did not receive the FC intervention. 
Comparison of the teacher-student interaction of the two groups
To better understand the teacher-student interaction results, we performed a comparative analysis of teacher-student verbal behaviors between the two groups based on the modified FIAS. Structured observations of the verbal behaviors in the two groups were graphically recorded (Fig 2) . In general, the number of observations of the teacher giving lectures (category code = 5a) in the control group was 1916, which dominated most of the verbal behaviors in the LBL class. In addition, six category codes of verbal behaviors were not recorded in the control group. Fig 2 shows in the LBL class, lecturing was the dominant activity of the teacher. On the other hand, we compared the number of observations of student talk. The total number of observations of students giving lectures on a topic during the presentations (category code = 9a) in the FC group was 663. The other seven groups could interrupt the lecture and initiate a conversation between groups (category code = 9b), and the number of observations was 177.
According to the questions to be initiated by the other groups, the number of observations of answering other group members' questions (category code = 9c) was 268. The total number of observations for student-initiated talk consisting of lecturing other students during the presentations was 445 (category codes = 9b, 9c). In addition, all the students could discuss problems within groups in FC, especially for solving the problems and exercises (Category code = 9d), the number of observations for group-based discussion was 635. All these numbers of observations accounted for a large percentage of the verbal behaviors in the FC. Thus, the results show that the students played the most active role in verbal communications with the students and teacher. Table 5 displays the frequencies and activity indices of the teacher-student verbal behaviors in the two groups. The results of the chisquare test of independence show that the percentage of teacher talk in the FC and LBL groups were 21% and 96%, respectively, presenting a significant difference (p = 0.000). However, the percentages of student talk in the FC and LBL groups were 75% and 2.6%, respectively, also exhibiting a significant difference (p = 0.000). This result indicates that student talk far exceeded teacher talk in the FC group. Notably, the number of observations for other types of teacher talk, such as category codes 1, 2, 3, 4 and 7, was relatively low in the two groups. The percentages of silence or chaos in the FC and LBL groups are also shown in Table 5 ; they are both very low. There were detectable differences between the two groups (4% vs. 1%, χ 2 = 41.880, p = 0.000).
In relation to the teacher's verbal behavior, the I/D ratios in the FC and LBL groups were 1:4.10 and 1:23.25, respectively, showing a significant difference (p = 0.000). Then, we analyzed the students' verbal behavior; compared with the LBL group, the FC group had a higher ratio of the students' positive responses to the students' passive responses (54.47:1 vs. 0.91:1, p = 0.000).
Student attitudes toward and satisfaction with the teaching model
The overall evaluation results of the questionnaires are shown in Table 6 and Table 7 . As shown in Table 6 , the students in the FC group showed higher mean scores on the 8 attitude attributes (p = 0.000).
Compared with the students in the LBL group, the overwhelming majority of the students in the FC group held more positive attitudes toward their teaching model. Table 5 . The activity indices of the teacher-student verbal behaviors in the two groups based on the modified FIAS. The effects of flipped classrooms on undergraduate pharmaceutical marketing learning Table 7 summarizes the results of comparing the median scores of the 8 satisfaction attributes between the FC and LBL groups with Mann-Whitney U tests. Comparing the two groups, we found that there were significant differences in the rating of satisfaction with teacher-student interaction (p = 0.000), the students' learning attitude (p = 0.000), the teacher's preparatory work (p = 0.000), the teaching objective (p = 0.000), and the teaching effect (p = 0.000). Furthermore, for the abovementioned five satisfaction attributes, the FC group participants had significantly higher ratings than the LBL group participants.
Activity indices FC group (% or ratio) LBL group (% or ratio) Chi-square values p values
The time investment in learning between the two groups
As shown in Fig 3, before the class, the students in the FC group invested significantly more time in their studies than those in the LBL group (65.48 ± 11.89 vs. 33.16 ±11.56, t = -15.90, p = 0.000). However, by contrast, after class, the students in the LBL group devoted significantly more time than did those in the FC group (96.38 ± 16.96 vs. 61.94 ± 10.04, t = 14.90, p = 0.000).
Discussion
This study designs and provides a reference for flipped learning to improve teacher-student interaction and students' learning outcomes. The primary goal of this study was to evaluate the effectiveness of the FC pedagogical model for a pharmaceutical marketing module. Specifically, this exploratory clustered randomized controlled study focused on the status of teacherstudent interaction in the FC context, resulting in the following important findings. Scores are based on a 5-point Likert scale (1 = strongly disagree to 5 = strongly agree).
https://doi.org/10.1371/journal.pone.0214624.t006
In this study, traditional teacher-dominated lectures, during which students traditionally take notes, were replaced by an FC teaching model with highly interactive teacher-student activities. Prerecorded microvideo lectures, the main objective of which was the delivery of knowledge, were viewed independently by students prior to class. The scheduled lecture time was primarily devoted to consolidating student knowledge and developing student skills through in-class activities. Active student-centered learning, through student group presentations and group discussions, increased the opportunities for students to apply their knowledge and skill to pharmaceutical marketing case scenarios in class.
The impacts of the flipped classroom model on teacher-student interaction
Some scholars and educators have argued that frequent and meaningful teacher-student interaction in the classroom within a higher education context could play a critical role in students' Scores are based on a 5-point Likert scale (1 = very dissatisfied to 5 = very satisfied).
https://doi.org/10.1371/journal.pone.0214624.t007 The effects of flipped classrooms on undergraduate pharmaceutical marketing learning learning and effectively assist their career development [50] . Moreover, a student-centered model underscored by active learning would necessitate class participation and interaction. In recent years, there has been increasing evidence of the promotion roles played by teacher-student interaction in the Chinese cultural context [51] [52] . The findings of this study, shown in Table 5 , confirm that the teacher held strict control over the verbal behaviors in the LBL classroom. In contrast, some results show that in the FC, student activity prevails due to the large percentage of student talk in the FC group. As shown in Table 5 , from the results of the ratios of the students' positive responses to the students' passive responses between the two groups, the percentage of student-initiated talk in the FC group far exceeds that in the LBL group. We conclude that the students in the FC group had sufficient opportunities to express their opinions. In the FC group, students expressed their opinions through presentations, initiated conversations between groups and actively directed discussion sections on new topics. In addition, the students spent significant time answering other group members' questions and discussing issues within groups, which could imply that there was a relatively enthusiastic atmosphere for communication activities among the students. The findings from this educational study could challenge previous conclusions, which claimed that most Chinese college students only took notes, listened carefully and seldom attempted to impose their ideas on other students in class [53] [54] . Furthermore, the I/D ratio is very high (1:23.25) in the LBL class, which is another indication of the teacher's initiative in controlling the activities in the LBL class. Meanwhile, in the FC group, the I/D ratio could be reduced to a lower level (1:4.10). Although this finding with regard to the I/D ratio is still not ideal, we can demonstrate that there was a relatively democratic relationship between the teacher and students in the FC group. These findings can provide a possible way to change the classroom atmosphere in Chinese cultural settings.
Interestingly, the teacher never or seldom showed verbal behaviors of criticizing students or establishing authority (category code = 7) in the two groups, demonstrating that the teacher never criticized students or tried to change students' activities during the teaching process.
The impacts of the flipped classroom teaching model on student academic performance
The findings from this study also support other educational research that reports improved academic performance associated with FCs [26] [27] [28] 33] . Notably, the linear regression results provide robust evidence supporting the hypothesis that the FC model has a significant impact on student performance, controlling for the influence of other student demographic variables. In other words, even when controlling for a student's score on the precourse, GPA and prior grades on performance, the FC intervention is still a predictive factor of the student's score on the final test.
More specifically, based on the results of the students' scores, we conclude that the FC model is more effective for achieving academic performance than is the LBL model. The reasons are as follows: In the test in this course, the purpose of the multiple-choice questions was to assess the knowledge points that the students acquired. Simultaneously, we established short-answer questions and essay questions to measure both the students' knowledge and their application skills. On the one hand, the students in the FC group were better at the shortanswer questions and essay questions than their counterparts in the LBL group. On the other hand, there were no significant differences in the scores of the multiple-choice questions between the two groups. This result is extremely important, as it means that the increase in scores was just an increase in performance on the final test items related to the topics of the presentations and discussions in the FC group. In the FC group, each group presented on a particular topic in class. Most of the short-answer questions and essay questions were tightly associated with the issues that the students discussed before or during the class, such as the criteria for market segmentation. As a result, the students in the FC group might have had better insights into the open-ended questions in the exam, which helped them prepare for and answer the questions on the final test. Due to the more desirable learning effects of the FC method, the FC gave students ample opportunities to acquire knowledge and apply pharmaceutical marketing skills. This result is in line with other studies [26, [55] [56] [57] [58] [59] . The rationale behind the FC teaching model is to promote effective teacher-student interaction and to stimulate "exploratory, group discussion-based and interactive" teaching activities in the classroom [60] . Chinese teachers should build a good environment for undergraduate students to communicate with one another and establish a positive cooperative relationship among group members to obtain a desirable learning effect.
The impacts of the flipped classroom teaching model on students' time investment
Compared with the LBL model, the students exposed to the FC model invested more time and energy before the class. Conversely, the students exposed to the LBL method invested more time after class than those in the FC group. The possible reasons are as follows. The students in the FC group usually invested plenty of time and energy in searching for information in network databases, watching microvideos and discussing issues with peers before class. The increased investment in self-learning prior to class could be a key factor in the higher level of understanding achieved by the students in the FC group [56, 59] . Furthermore, they could also benefit from the Q&A sessions with the teacher and from class discussions with peers in the FC. Therefore, due to their familiarity with the teaching contents, the students in the FC group did not need to spend much time and effort on knowledge review after class. However, the students in the LBL group just reviewed the textbook, course materials, PowerPoint files and class notes for self-learning outside of class. Under the traditional LBL model, the lack of enough opportunities for the students to apply their knowledge and skills in the classroom may have been one of the reasons that a serious amount of time was invested in review after class.
The impacts of the flipped classroom teaching model on student attitudes and satisfaction
The findings of the questionnaire survey revealed that the students in the experimental group expressed more positive attitudes toward the FC model. The following could be a possible explanation for this finding. First, as one of the most helpful learning tools, the FC method enabled the students' individualized learning before and after class. The process of delivering knowledge was set before class in the FC environment; therefore, the students had an opportunity to select their study patterns based on their learning habits. For example, according to their time plan, they could easily follow the online course material, such as the teaching microvideos, anytime and anywhere. Meanwhile, prerecorded lectures could be assigned to the students as homework, leaving classroom time open for interactive learning activities. Subsequent to the students' independent acquisition of content, engaging in knowledge integration through teacher-student interaction and collaboration with other students is a hallmark of the FC. Conversely, in the LBL environment, the teacher considers the learning status of only the majority of the class, and as a result, the personalized learning needs of the students are neglected. Because different students have different study habits and abilities, student-centered teaching models, such as the FC model, can boost each student's cognitive abilities by allowing the student to decide his or her learning schedules according to his or her own specific needs. This is a key contributing factor for students to achieve better learning outcomes [56] .
Second, the proportion of cognitive learning in the FC group, such as understanding and memorizing outside class, was lower than that in the LBL group. Conversely, the vast majority of learning activities under the FC model were carried out through cooperative learning or problem-based learning; thus, the teaching activities were accomplished through teacher-student interaction and cooperation between peers [26, 57, 61] . The students preferred interactive class time more than in-person lectures. Most of the time in the FC was invested in developing high-level cognitive learning abilities that could stimulate the students' intellectual abilities to analyze, think and solve problems. Compared with the LBL teaching method, the FC is better able to stimulate the learning interests of students, increase their self-control abilities, and more effectively guide their self-learning outside of class [26, 55, 27] . Similarly, the findings of this study agree with those of previous studies [56, 59, 27] . In summary, the satisfaction of individual learning needs, the decrease in cognitive learning activities, and the improvement in one's intellectual abilities and learning interest are possible reasons why students generally have a higher degree of satisfaction with FCs.
Strengths of this study
The current study is the first to use the FC pedagogical model for the STP strategy chapter of pharmaceutical marketing in China. The use of a previously validated FIAS methodology allows the measurement of teacher-student interaction in a reliable and standardized manner. Furthermore, this FC project discovered that the quantity of teacher-student interaction is a compelling force in improving student performance and satisfaction with the teaching model. Thus, this study can serve as reference for further innovative teaching models and to promote the application of FCs.
Limitations of this study
However, this study has some limitations. First, in this study, only one test was used to examine student performance, which is insufficient to validate the chronicity of the acquisition of knowledge and skills. Therefore, the results should be generalized with caution. Future research should employ controlled studies that objectively repeat the test to identify the possible long-term effects throughout a semester. Second, this study tested only a fraction of course content, limiting the generalizability of the results to the entire pharmaceutical marketing course system. Future studies on the FC are needed to verify the validity of the results claimed in this study by testing large-scale and more in-depth teaching contents. Third, the positive results obtained cannot be attributed solely to the FC pedagogical model. Therefore, a larger sample size and a more rigorous design should be employed to evaluate these results. Fourth, the Hawthorne effect and sample selection bias may also be potential factors that influence student learning [62] , which may threaten the reliability of these results. Thus, the results should be generalized with caution. Educators who may apply the FC pedagogical model should be aware of the contextual factors and individual differences regarding experiences and achievements.
Conclusion
The current study provided an innovated concept and framework in pharmacy education in the Chinese cultural context. Compared with LBL methods, the implementation of the FC pedagogical model in this study improved student performance, increased teacher-student interaction and generated positive student attitudes toward the experience. As an effective teaching model, it can also stimulate pharmacy students' learning interest and enhance their self-learning abilities. Further research is necessary to validate the efficacy of the FC model. 
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